The development of advanced technologies including computerized tomography devices of new generation (MSCT) and MRI devices has enabled the application of high quality techniques that are used for functional analysis of head and neck tumors. Therefore, the role of conventional CT and MR imaging techniques relating to anatomical domain has been transferred to functional level thus enabling better understanding of biological characteristics of the tumor tissue and better differentiation of benign and malignant neck lymph nodes.
Introduction
The presence of metastatic lymph nodes on the neck alters the surgical procedure plan and generally indicates a poorer prognosis in patients with head and neck tumors. Therefore, it is of primary importance to become acquainted with these findings before therapy planning (1) .
In clinical practice, computerized tomography (CT) and magnetic resonance imaging (MRI) are most frequently used radiological methods in the diagnostics of metastatic lymph nodes on the neck prior to surgical treatment.
The direct sign of lymph nodes malignancy using CT and MRI is the presence of necrosis and extracapsular expansion, as well as the absence of fatty hilum. However, a large number of neck lymph nodes do not show these direct signs of malignancy. In this case, the only applicable criterion is the lymph node size. Generally, diameter greater than 10 mm (2) is taken as the criterion for the malignancy assessment. However, it has been shown to be insufficiently sensitive, taking into account the fact that even the subcentimeter lymph nodes may be malignant as well.
The technology advancement has resulted in development of high quality imaging techniques that enabled both morphological and functional analysis of tumor tissue. Positron emission tomography (PET) combined with CT and MR (PET/CT and PET/MR) provides anatomical and functional analysis of metastatic lymph nodes on the neck (1,2).
Other advanced techniques used in the differentiation of benign and malignant lymph nodes on the neck include perfusion imaging techniques (MSCT and MRI), diffusion MR imaging (DWI) and MR with nanoparticles.
Hybrid methods (PET/CT and PET/MR)
PET represents a functional technique which can detect metastatic neck lesions on the basis of increased glucose metabolism in tumor cells (2) being registered after the administration of radiopharmaceuticals of 2-fluoro-2-Deoxo-Dglucose (FDG). The glucose analog is transported in metabolically active cells by means of a facilitated glucose transport (using glucose transporter). Therefore, FDG accumulates in malignant cells because they have a larger number of glucose transporters such as hexokinase, the enzyme that phosphorylates glucose. After phosphorylation, FDG continues to accumulate in the altered metastatic lymph nodes, which allows the detection of PET (3, 4) .
PET is better in comparison to conventional methods in the detection of metastatic neck lesions with normal morphology. Available literature data indicate wide range of sensitivity and specificity. Thus, different authors report that PET sensitivity in the diagnostics of malignant lymph nodes on the neck ranges from 67% to 96%, and specificity of 82% to 100% (5-7).
Poor anatomical resolution is considered to be the greatest disadvantage of PET. Therefore, new methods have been developed combining PET with CT or MR imaging techniques (PET/CT and PET/MR) having good anatomical resolution and providing information about altered metabolism. These methods have shown to be superior and more accurate in detecting neck metastases in comparison with PET as an independent method, as well as in comparison with conventional imaging techniques, because they provide simultaneous functional and morphological information (8) .
However, restricted availability and high cost of examination are considered to be disadvantages of these hybrid methods.
Perfusion imaging techniques (MSCT and MR perfusion)
They are used for differentiation of normal and metastatic lymph nodes on the neck. Perfusion is the volume of blood transferred to capillary system of a tissue in a unit of time calculated per 100 g of tissue.
Perfusion imaging techniques performed either in conjunction with CT or MRI device show the changes in the microcirculation of a lymph node (8) . This is achieved by measuring the amount of contrast agent which accumulates in the lymph node in a function of time after intravenous administration of contrast agent.
Changes in the intensity and density of tissue after administration of contrast agent, blood flow, blood volume, and transition time are measured (9) . In comparison to normal node, metastatic nodes have longer time to achieve maximum contrast accumulation, reduced maximum post-contrast enhancement, reduced slope of accumulation curve and reduced slope of leaching curve. Neoplastic tissue shows changes in perfusion characteristics with the volume increase and blood flow, and with the transition time drop in comparison to normal tissue (11) .
Perfusion techniques are not generally used in routine clinical practice for the diagnostics of head and neck tumors. Studies have shown the benefits of these techniques in the diagnostics of head and neck tumors, especially in the diagnosis of recurrent disease after radiotherapy and for the characterization of the lymph nodes. Postradiation sequelae (post-contrast enhancement due to inflammation or fibrosis) may simulate the presence of pathological substrates which cannot be differentiated by conventional CT and MRI. In addition, it is at times impossible to detect metastatic lymph nodes particularly when they are not enlarged using conven-tional techniques.
Difffusion MR (DWI-MR)
At the beginning, DWI was used for the evaluation of intracranial diseases, but with MR imaging advancement this method has been used more frequently for extracranial applications. More precisely, DWI is nowadays being widely used for differentiation of benign and malignant lymph nodes on the neck (12) .
The advanced, non-invasive MRI technique enables tissue characterization based on differences in Brown's motion of water molecules. Quantification of DWI is established using the diffusion coefficient ADC which combines the effects of capillary perfusion and water diffusion in the extracellular, extravascular space. The value of ADC varies, depending on the selected b-value. When only low b-values are used, ADC represents only microperfusion and microcirculation and has a limited influence on diffusion, while a high b-value reflects ADC that represents real diffusion in the tissue. This selection is an important prerequisite for proper application and interpretation of DWI.
Hypercellular tissues present in malignant tumors show low diffusion coefficient (ADC). Noncancer tissue changes like edema, inflammation, fibrosis or necrosis have low cellularity, contrary to the tumor tissue and show high diffusion coefficient. This inverse correlation between the value of the diffusion coefficient ADC and tumor cellularity was proved both experimentally and clinically (13) .
DWI is very useful in the diagnostics of malignant lymph nodes smaller than 10 mm which are difficult to diagnose by conventional methods. De Bondt RB et al. investigated the values of ADC in small lymph nodes (smaller than 10mm) in SCC with a border ADC value of 1.0 × 10-3 mm 2 /s., and found sensitivity of 92.3% and specificity of 83.9% (14) .
In the head and neck region this technique shows diffusion restriction in planocellular carcinomas due to its high cellularity, and shows greater sensitivity and specificity than conventional CT and MR examinations in the differentiation of lymph nodes of planocellular carcinomas (14) . Diffusion coefficient of metastatic lymph nodes is greater than that of the benign lymph nodes. In addition, the diffusion coefficient is greater in high or moderate differentiated carcinomas than in poorly differentiated carcinomas. This technique has a positive predictive value of 87.8% and a negative predictive value of 76.1% (16) . 
MR with contrast agent of iron oxidenanoparticles (Nanoparticle-enhanced MRI)
The new contrast in MR diagnostics includes ultra small supramagnetic particles of iron oxide ((USPIO) classified as nanoparticles (with medium diameter of 30 nm) composed of nucleus of iron oxide (17) (18) (19) .
The application of this contrast requires two MR scanning processes within 24 hours. At first, precontrast X-ray is taken to identify the localization of lymph node, then contrast is injected intravenously, and after 24 hours the second postcontrast X-ray is taken where contrast enhancement is observed in already identified lymph node. The standard protocol for MR scanning with nanoparticles consists of the following aquisition parameters: gradient echo sequence (GRE) T1W, fast spin-echo sequence (FSE) T2W and GRE T2*W. The identical protocol is used for pre-and postcontrast scanning (18) .
By intravenous USPIO application normal lymph node phagocytizes particles and becomes black on T2 and T2W after 24 hours. If a part of lymph node is tumour infiltrated, that part of lymph node will not accept USPIO and will not turn black. The size of black zone on postponed MR examination is inversely proportional to the presence of tumour tissue in the node. If 50% of the node is black, then it is 80% possible that the node contains tumour.
If this is found in the lymph node that is morphologically normal on conventional MRI, then it is a step forward in the diagnostics. Falsenegative results are mainly due to microscopic tumor infiltration which is below spatial resolution of existing MRI devices, while the false positive findings are found in reactive hyperplasia, granulomatous disease and nodal lipomatosis (17, 19) . Although this technique may increase the accuracy in the detection of metastatic lymph nodes, the cost of USPIO and problems due to the need for scan postponement after 24 hours prevent widespread use of this technique.
Conclusion
The role of conventional CT and MR imaging techniques relating to anatomical domain has been transferred to functional level due to the development of advanced technologies, thus enabling better understanding of biological characteristics of the tumor tissue and better differentiation of benign and malignant lymph nodes on the neck.
PET is a functional technique that can detect metastatic lesions on the neck on the basis of increased glucose metabolism in tumor cells. However, due to poor anatomical resolution some hybrid methods (PET/CT and PET/MR) have been designed that provide morphological and functional information about the tumor tissue and thus are considered to be superior in comparison to conventional PET. Perfusion techniques have proved to be beneficial in the diagnosis of head and neck tumors, especially in the diagnosis of recurrent disease after radiotherapy and for the characterization of the lymph nodes. DWI is very useful in the diagnosis of malignant lymph nodes smaller than 10 mm that are otherwise difficult to diagnose by means of conventional methods.
Nowadays, the advanced techniques including PET/CT and PET/MR, perfusion imaging techniques, DWI-MRI and MRI with nanoparticles are considered to be the most accurate diagnostic modalities. The only disadvantages include restricted availability and high cost of examination.
Neck dissections with thorough histopathological examination still represent the gold standard in the detection of metastatic lymph nodes on the neck.
